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1 DEVICE FOR SITE DIRECTED NEOVASCULARIZATION 

2 AND METHOD FOR SAME 



3 BACKGROUND OF THE INVENTION 



4 1. Field of the Invention 

5 The invention relates to a device and method for 

6 directing the formation of new blood vessels and 

7 artificial organs. Specifically, the invention relates 

8 to a device and method for directing neovascularization 

9 with a biological response modifier adsorbed onto a 

10 support. 

11 2- Description of the Background Art 

12 Angiogenesis is the formation of blood vessels in 

13 situ and involves the orderly migration, proliferation, 

14 and differentiation of vascular cells and occurs during 

15 development. Angiogenesis is an infrequent event in the 
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1 adult and is associated in adults with wound and fracture 

2 repair. Exceptions to this are found in the female 

4 fliifrr, 8ySten ^ ^ Pr ° CeSS ™ in the 

4 follxcle during development, in the corpus luteum during 

5 ovulation, and in the placenta during pregnancy. These 
specific periods of angiogenesis are relatively brief and 
highly regulated in contrast to the angiogenic events 
associated with tumor growth and diabetic retinopathy. 

10 „ ^helial cell is considered to be the primary 

10 cellular target for angiogenesis. Research efforts havl 

11 ccncentrated on the identity of polypeptide factors that 

12 control endothelial cell proliferation. 

13 heparin-binding grow th factor (HBGP, 

14 polypeptides has gained general acceptance as initiators 
of angiogenesis especially during development. 



6 
7 
8 



15 



17 oro«h T\ fa ^ lr *" Pr0dU=ln9 «» >>*Parin-bindlng 

18 fT^ V ° f ""WO**— deludes HBGF-l 

19 fibroblast grovrth factor), and three additional HBGF-like 

21 a^Tr' hEVKS ' 

22 !^° ded ^/ non ^-- The prototype HBGF polypeptides 

23 Z°TT< todUMrS ° f en40th *"« -11 nation end/or 
23 proliferation in vitro and ere known to modulate the 

25 Zr 510 " ° f -11 derived proteases! 

23 Further. HBGF-l and HBGF- 2 are tightly adsorbed to tne 

27 forr llUlar Pr8aUnSbly b * avid affinity 

28 ! L 9lyc°aaminoglycan heparin. The association 

29 ool Pr ° t0tyPeS and heparin protect these 

29 polypeptides from proteolytic modification. It has been 

30 suggested that the extracellular matrix can be the major 

31 source of HBGF-l and HBGF-2 and activation can reguir. 

32 hydrolytic extraction fro. sites of attachment for 

33 biological activity. 
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1 Hayek, et al (1987) reported the In vivo effect of 

2 fibroblast growth factor m rat kidney. (Biochem. 
Bxophys. Res. Commun. 147:876-880.) The initiation of 

4 angiogenesis by the direct stimulation of endothelial 

5 cell proliferation is presumed to be a result of the 

6 Class I heparin-binding growth factor (HBGF-l ) and the 

7 Class II heparin-binding growth factor (HBGF-II ) . These 
polypeptides are potent endothelial cell growth factors 
in vitro and angiogenesis signals in vivo. These 
polypeptides exert their biological response in vivo 
through high affinity cell surface receptors. The HBgT^ 

12 and HBGF-II share a structural similarity of 55 percent 

13 and both are synthesized as polypeptides lacking an 

14 apparent signal peptide sequence. Human cells which 

15 express the HBGF-I mRNA transcript do not secrete the 

16 polypeptide in vitro. Further, HBGF-II has been shown to 
be associated with the extracellular matrix and heparin 
protects HBGF-I from proteolytic modification by plasmin 



8 
9 

10 
11 



17 
18 



" PCT Inter national Publication Number WO 87/01728 

20 discloses recombinant fibroblast growth factors. These 

21 growth factors are examples of biological response 

22 modifiers. This disclosure identifies the importance of 

23 the growth factors for constructing vascular systems in 

24 healing tissues. The invention of this disclosure is 

25 directed to recombinant DNA sequences for encoding bovine 

26 and human acidic and basic FGF and vectors bearing these 

27 DNA sequences. This publication does not disclose a 
device or method for site directed neovascularization 



28 
29 



The article. Van Brunt, et al., "Growth Factors 

30 speed Wound Healing", Biotechnology 6 (1988): 25-30 

31 discloses the usefulness of growth factors in the 
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1 
2 
3 
4 



angiogenesis of damaged tissue. This article discloses a 
sponge i mplant »odel for wound healing i„ animals L 

ZZ^rT* ° f ^ ±nert that is 

-Planted under the skin of the animal. Growth factor is 

6 utlLo ^ d±reCtly ±nt0 SP0 ^' T ^ wound 

6 undergoes rapid healing and an increase in blood vessels 

8 LTL 8 ' " e W ° Und Slte ' ^ bl0 ° d — res " 

vascular structures that are directed h „ a „ 

» :r the groMth factor is adsorb r ec r: Y ^ ri: 

11 not dxsclose a device or mo fK- * 

method for site directed 
neovascularization. erected 



12 



13 



14 di^i U " S * Patent NUmber 4 ' 699 ' 141 ^ Lamberton, et al 
tor desired cells such as pancreas cells. This patent 

22 TT?***- a device or roethod wherein * ~ 

23 1 V6SSelS iS dirGCted in a s P-"ic direct^ 

23 between specific sites. Neither the k . irec1:ion or 

24 in wextner the heparin nor collagen 
in this invention modifv a bi 0 inn^ a1 9 

25 h»„ , Y a biological response. Both the 
25 heparin and collagen are substrates unn „ K /T 

oc K . _ , ouu&tra^es upon which a 

directed in their growth and do not 
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1 «e not permanent beceuse the fibrinogen support is 

2 absorbed by the organism before maturation of the blood 

3 vessels can occur. 

* Ths blo °<J vessels developed by the lamberton. et 

5 el invention are. essentially, a bundle of cells or 

I as being a receptacle for -desired cells." 

9 "arL"- , r<!CaPtaCla is ^sirable for developing an 

» artificial organ". The development of the receptacle 



13 • , Gene " oally alt °"* «r ""altered cells provide a 

" techno! E ™* ° f 

14 technology to produce aitered cells are provided in the 

15 following three articles: Wolff, et al.. "Expression of 

16 "etrovirany Transduced Genes In Primary Culture3 Qf 

" Adult -at Hepetocytea". Proc. Natl. .... * 

18 May 1987,: 3344-3348: Ledley. et al.. "Retroviral l„ e 

" Transfer into Prlmary Hepatocytes: InpllcatloBS °£ 



21 ^T", ^ ° f ll ' er - SpecI "<= Functions", Proc. Hatl. 

21 Acad sor. „ S , 84 <1987, 5335-5339; end wilsoZltlT 

22 Retrovirus-Medlated Transduction of Adult Hepatoses" 
Z 'I] M8tl - A^ '" , SP< — 85 <«ay 1988, 3014-3018. The 
24 art is lacking a satisfactory means to transfer 
2= genetically altered or unaltered cells into an org^ll 
26 and maintain those cells permanently within that onanist 

28 *- — — Danaf " s from the desire: 

28 metabolic effect of the cells. 
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The field of angiogenesis has been severly limited 

2 by the absence of devices and well defined methods for 

3 the selective demonstration of new blood vessel or 

4 "neovessel" growth. The importance of site-directing 

5 physiological neovessel formation has been long 

6 recognized in medicine. The prior art has indicated the 

7 Possibility of such a process, but does not provide a 

8 neovessel design in the form of physiological embodiments 

9 for this purpose. 



10 The inv ^tion is an in vivo site directed 

11 neovascularization device. The device includes a 

12 support. The support can be an absorbable support, a 

13 non-absorbable support, or both. The device also 

14 includes a biological response modifier for inducing 

15 neovascularization. The biological response modifier is 

16 adsorbed to support. 



17 



The invention also includes a method for directing 
18 in vivo neovascularization. The method requires 
adsorbing a biological response modifier for inducing 
neovascularization onto a support. The step of 
contacting a therapeutically effective amount of said 

22 adsorbed biological response modifier to at least one 

23 selected tissue then occurs. The method then involves 

24 directing or culturing neovascular cell growth at the 

25 contacted, selected tissue for a sufficient time to 



19 
20 
21 



26 



obtain a vascular structure 



27 The method of this invention is useful for 

28 providing artificial organs. 
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1 Objects of the present Invention are to provide: 

2 (1) a new device for inducing site-directed 

3 neovascularization; (2) a method for in vivo formation of 

4 new blood vessel or a vascular bed; (3) mammalian cells 

5 collected about the implanted device of the present 

6 invention for multiplication, cloning, manipulation and 
implantation thereof; (4) a vascular bed for 

8 transplantation; and (5) other objects made evident from 

9 the following detailed description of the invention. 



10 



11 



13 
14 



16 
17 

18 
19 



21 
22 



24 
25 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 illustrates ECGF binding to collagen 
12 supports. 



Figure 2 illustrates the effect of implanting ECGF 
immobilized on collagen sponges and the results thereof 
15 (arrows to sponges) are shown. 



Figure 3 illustrates the H & e histological stain 
of sponges (IP in rat) are shown. 

Figure 4 illustrates the site-directed gelfoam 
implant (Sg) with GF (growth factor) between liver (left, 



20 L) and spleen (right, Sp). 



Figure 5 illustrates genetically engineered rat 
hepatocytes recovered from collagen sponges adsorbed with 
23 ECGF at 4 to 6 weeks of post- implantation. 



Figure 6 illustrates a cross-section of a blood 
vessel developed according to this invention. 
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1 
2 

3 



7 
8 
9 



16 
17 



19 



20 
21 



Figure 7 illustrates an angiogenic response 
induced by HBGF-1 in situ four weeks after surgery. 



Figure 8 illustrates the posterior portion of a 

4 fiber implant containing vascular strings that are 

5 generally connected to the mesentary tissue around the 

6 bowel loop. 



Figure 9 illustrates multiple vascular connections 
between the fiber implant and mesenterial vessels and 
vascular turbosity within the implant. 



10 Figure 10 illustrates an x-ray view of the 

11 multiple vascular connections of Figure 9. 

" Figure 11 illustrates a histological examination 

13 of a longitudinal section that reveals the presence of 

14 - "* ' • ~ 

15 



multiple vascular lumina surrounded by thick, collagenous 
and muscular walls of the neovessel structure. 



Figure 12 illustrates the vascular bundle of 
Figure 6 at higher magnification which reveals the rich 
18 collagen component of the vascular structure and 
abundance of endothelial cell-lined capillary structures 



Figure 13 illustrates serum bilirubin levels of a 
Gunn rat implanted with hepatocytes seeded onto collagen 
22 (Type IV) and HBGF-1 coated PTFE fibers. 



23 Figure 14A illustrates a Gortex shunt tube 

24 containing a collagen I (Gelfoam) sponge, impregnated 

25 with HBGF-1, implanted onto the aorta of a rat for one 

26 month, then excised and cross-sectioned. 
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1 Figures 14B, 14C and 14D illustrates a Gortex 

2 shunt tube containing a bundle of Gortex angel-hair 
fibers coated with Type I collagen and impregnated with 



3 

4 HBGF-1. 



9 

10 



5 DETAILED DESCRIPTION OF THE INVENTION 

6 The invention includes both a composition or 

7 "device" and a method for using that device. The device 

8 is used in vivo to stimulate and direct 
neovascularization. The neovascularization is 
accompanied by the growth of other cellular tissue 

11 xncluding nerves. The device requires a support. The 

12 support must be capable of adsorbing a biological 

13 response modifier or adhering to a composition that can 

14 adsorb a biological response modifier. The biological 

15 response modifier, is a compound that stimulates and 

16 induces neovascularization. The invention further 

17 includes a method for inducing neovascularization that 
can include the development of artificial organs and/or 
genetically engineered tissues. 



18 
19 



20 
21 



A biological response modifier can be at least one 
compound or agent that stimulates or facilitates vascular 

22 cell growth from a tissue or organ, in other words, a 

23 biological response modifier is a biochemical agent, such 

24 as a growth factor, hormone, or their chimeric 

25 derivative, that directly or indirectly induces a 

26 transcriptional or translational cellular event, a 

27 biological response modifier directly or indirectly 

28 exerts an effect through a high affinity receptor. This 

29 effect produces vascular cell growth. Compounds that 

30 exert a direct stimulation of a receptor include 

31 hormones. Compounds that provide indirect stimulation of 
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1 a receptor include hormone prototypes or precursors and 

2 hydrolases. Hydrolases, such as a plasminogen activator 

3 collagenase, or heparinase, initiate a biological 

4 response by enzymatically activating or releasing latent, 

5 stored, or zymogen precursors of direct biological 

6 response modifiers. 



7 Biological response modifiers desirable angiogenic 

8 growth factors include a member of the group consisting 

9 of HBGF-I, HBGF-II, platelet-derived growth factor 

10 (PDGF), macrophage-derived growth factor (MDGF) 

11 epidermal growth factor (EGF), tumor angiogenesis factor 

12 (TAF), endothelial cell growth factor ( ECGF ) , fibroblast 

13 growth factor ( FGF ) , hypothalamus-derived growth factor 

14 (HDGF) , retina-derived growth factor (RDGF), and mixtures 

15 thereof. The preferred embodiment of the invention uses 

16 HBGF-i. Desirable hydrolases include a member selected 

17 from the group consisting of heparinase, collagenase 

18 plasmin, a plasminogen activator, thrombin, heparatinase, 

19 and mixtures thereof. 



20 
21 
22 
23 



Hormones such as the growth factors are 
particularly desirable for use in this invention as 
biological response modifiers. Hormones specifically 
elicit cell growth and differentiation. The use of 

24 hormones as biological response modifiers cause 

25 neovascularization to rapidly occur and to form a 
complete vascular structure. The resulting blood vessel 
stimulated by hormones is more than just a mass of cells 
in that it has a tubular cavity and connective tissue 

29 between its cells. The resulting blood vessel produced 



26 
27 
28 
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1 from the use of hormones is complete within itself and 

2 can be excised and transplanted into another portion of 

3 the body. The other biological response modifiers 

4 produce similar results, but do not provide as rapid a 
growth as hormones and, in particular, the HBGF-I and 



5 

6 HBGF-I I hormones. 

7 The invention includes a biocompatible support to 

8 which the biological response modifier is adsorbed 

9 The support can be either or both an absorbable or 

10 non-absorbable biocompatible matrix. The support must be 

11 implantable into an organism and is, desirably, rigid and 
- strong enough to be transplantable after 

neovascularization has occurred. The bioccmpatible 
support must have the rigidity and strength to support 

15 neovascularization. Examples of absorbable supports 

16 include a member selected from the group consisting of 

18 TIT* TYPe taOWn ^ercially by the trade name 

18 Gelfoam", la minins, f ibronectins, gela tins, 

19 glycosamxnoglycans, glycolipids, proteolipids, 

20 mucopolysaccharides, glycoproteins, polypeptides, and 

21 mixtures thereof. Examples of non-absorbable matrices 

22 include members of the group consisting of nylon, rayon 
3 dacron, polypropylene, polyethylene, expanded PTFe' 

24 cross-linked collagen Type IV, and mixtures thereof. it 

25 is desirable that a selected support contain 

26 extracellular matrix protein to provide or to facilitate 

27 the adsorption of the biological response modifier to the 
^8 biocompatible support. 



13 
14 
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1 
2 



An extracellular matrix protein can be the 
material from which the biocompatible support is formed 

3 or a component added to the biocompatible support to 
* fully provide or, alternatively, facilitate the 

adsorption of the biological response modifier to the 
biocompatible support. An extracellular matrix protein 

7 component can include a pure or mixed composition of 

8 proteins or polypeptides. The proteins and polypeptides 

9 carv be either natural or synthetic. The extracellular 

10 matrix protein component is desirably derived from 

11 extracellular structural molecules. These extracellular 

12 structural molecules include a member selected from the 

13 group consisting of collagens, laminins, fibronectins 

4 gelatins, glycosaminoglycans, glycoproteins. 
Proteoglycans, and mixtures thereof. 



5 
6 
7 
8 



16 
17 



Expanded polytetrafluoroethylene (PTFE) has been 
found to be most suitable non-absorbable support for this 

i 9 ™r* ™ s support pr ° vides the ******* 

19 benefits. ptfe has a general lack of an inflammatory 

p^°T ^ ^ baSlS ^ C ™ — ptance of 

111 the sur S^al community. PTFE can be coated 
conveniently with various components of the extra 



21 
22 
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1 cellular matrix which can adsorb a biological response 

2 modifier. Biologically active HBGF-1 and HBGF-2 can be 

3 immobilized to collagen-coated PTFE by previously 

4 established methods. PTFE polymers are routinely 

5 engineered to various specifications to meet a multitude 

6 of required configurations. 



7 The configuration of the non-absorbable PFTE is a 

• 8 more critical aspect of the long-term implant model. All 

9 multicellular organisms utilize a three-dimensional 

10 architecture of branching fiber networks to solve the 

11 problem of increasing surface area in a given volume. 

12 Seeding of such a network with HBGF polypeptides before 

13 implantation allows for high localized concentrations of 

14 the mitogen. Non-woven multifilament angel-hair fibers 

15 of expanded PTFE are commercially available from W.L. 

16 Gore and Associates, Inc., Flagstaff, Arizona. These 

17 fibers allow sufficient organized surface area for 

18 infiltrating cells to be exposed to the environment of 

19 the host. This permits the free exchange of nutrients 

20 and toxic waste to occur while neovascularization 

21 processes occur. Furthermore, cell shape as determined 

22 by cytoskeletal components and attachment to a specific 

23 matrix generally is regarded to play a significant role 

24 in both cell proliferation and differentiation. 

25 A support can be provided for use in this 

26 invention in any desired shape and size. A support as 

27 small as one lmm2 i s suitable to provide a base for 

28 neovascularization. Desirable shapes for a support can 
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means for securing a support can Include a staol. 

4 rmr-— - ~i.'.r , i 



i 

2 
3 



5 



6 



12 
13 
14 



15 
16 
17 



23 
24 
25 
26 
27 



suturing or tying the support to a tissue. 



desirable support is obtained by fining a tub* 



9 ~ I 1 • SUPPOrts f «™' 5 from tubes or sleeves 

11 LoTare ^ 



**.«. particular!, de sirable for ulrectZ 
neovascularization. Such embodiments can be J££Z 



The most effective concentrations for a biolooica! 
response modifier can be any concentration that eLcltTa 
growth response from the target cells but i i t 
18 to those cells not toxic 

» - ^ f ir W t —trains 

- about 10 ^J^TT^TT^ 1 T 

support and the non-absorbable support. 



establish , 1SprOTldeain amount suitable to 

vessel PorT ° £ «a desired blood 

vessel. For cample, if a blood vessel is desired between 

ttsue? ue : h :r there a — 

tissues, then a corresponding length of support is 
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2 
3 
4 



implanted into the organism to provide the approximate 
length and width of this desired blood vessel. The 
amount of the biological response modifier is then 
adapted to the amount of support required to form this 
5 basic structure. 



The invention can be practiced without a 

7 nonabsorbable support. For example, a complex with 

8 gelatin, HBGF-1, or HBGF-2 is capable of inducing 

9 neovascularization in vivo at polypeptide concentrations 

10 consistent with the demonstration of this biological 

11 activity in vivo. This neovascular response is capable 

12 of sustaining induced site-specific neovessel formation 

13 for up to four weeks in the neck and peritoneal cavity of 

14 the rat. However, the device of this invention without a 

15 support has limited utility for the induction of 

16 long-term neovessels. This is because the 
three-dimensional architecture of the collagen sponges is 
ultimately disrupted by a reabsorption process that 
occurs within three to four weeks after implantation. 
Nonabsorbable solid polymeric supports of well-defined 

21 specifications and containing bonded components of 

22 extracellular matrices induced the expression of 
long-term stable neovessels in vivo. An example of such 
an embodiment is a nonabsorbable support bonded with both 
collagens Type I and Type IV and having both HBGF-l and 

26 HBGF-2 attached to the collagens. 



17 
18 
19 
20 



23 
24 
25 
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17 invent- aenetiCEll V en glM er e a cells used with this 
, ' lnVS " tl0n ara transformed with st least one gene that 

18 -cues for the desired heterologous protein. The ceUs 

20 ^enid ! 0r " ea ' -*or or expression 

21 IZ Lcl' *i«cluaes the desired g e„e. The vector can 

22 celL inT f » a *P«~*°» *» the host 
2 cells, in mam-alien cells, the promoter for expression 

23 can he sv 40. LTR, metallothlonein. PGK, c«v. apTtT or 
2 others. The vector can also inolua. a sulrahle' signal 
" IT ~ Se9UenMS SSCretin9 th « therapeutic age^t 
27 aeemea to be within the skill of the art. 



-16- 

A 



2 with 1- • n "° VascularlMti °'> *»*ce can also be seedea 

3 In „ K ! MllS ^ *° ° r -*-*»-* t° implantation 

4 „LL In * Preferrea «*o=f»ent, such cells are 

4 mammalian ceils ana express a protein capable of 

5 performing a particular function. The cells can be 

7 „:;: r lly ceiis ° a ^° - * 

ereroiogous protein. Alternatively 



. .. , Alternatively, the cells can be 

funcr!o OC : UIrln9 M11S CaPable «* * *-irea 

function or functions such as hepatocytes. 



s ._ ° M1 « bla embooiments °f the invention have cells 

aene« °" ^ device which are 

genetically engineered to express >t 

14 1" ^Protein, such a protein is preferably a 

14 therapeutic agent. The expressed protein may or may not 

15 be secretea from the genetically engineered cells. 
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1 The vector or expression vehicle is preferably a 

2 viral vector and in particular a retroviral vector. 

3 Representative examples of suitable viral vectors, which 

4 can be modified to include a gene for a therapeutic 

5 agent, include Harvey Sarcoma virus, ROUS Sarcoma virus 

6 MPSV, Moloney murine leukemia virus, DNA viruses such as 
? adenovirus and others. Alternatively, the expression 
a vehicle can be a plasmid. Transformation can be 

9 accomplished by liposome fusion, calcium phosphate or 

10 dextran sulfate transfection, electroporation, 

11 lipofection, tungsten particles, or other procedures 

12 The selection of a suitable vehicle for transformation is 

13 deemed to be within the scope of those skilled in the 

14 art. 



15 When a retroviral vector is employed as the 

16 expression vehicle for transforming cells, steps should 

17 be taken to eliminate and/or minimize the chances for 

18 replication of the virus. Various procedures are known 

19 xn the art for providing helper cells which produce viral 

20 vector particles that are essentially free of replicating 

21 virus. Examples of such procedures are found m 

22 Markowitz, et al., "a Safe Packaging Line for Gene 

23 Transfer; Separating Viral Genes on Two Different 
It ? o T ±6S "' Of Virology 62(4) (April 

25 1988): 1120-1124; Watanabe, et al., "Construction of a 

26 Helper Cell Line for Avian Reticuloendotheliosis Virus 

27 Cloning Vectors", Molecular and Cellular Biolog y 3 (12) 

28 (Dec. 1983):2241-2249; Danes, et al., "Safe and Efficient 

29 Generation of Recombinant Retroviruses with Amphotropic 
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1 and Ecotropic Host Range", Proc. Natl. Acad, Sci 8 5 

2 (Sept. 1988): 6460-6464; and Bosselman, ^ al 

3 "Replication-Defective Chloric Helper Proviruses ana 
5 _ Affe f^_ deration of Content Virus; 
6 



— c virus; 

Expression of Moloney Murine Leukemia Virus Structural 
Genes via the Metallothionein Promoter", Molecularand 

7 Cellular Biolo^ (5 , (M a y 1987): 1797-1806 disclose 

8 Procedures for producing a helper cell which minimizes 

10 • r C6S Pr ° dUCing a viral P-ticle that includes 

10 replxcatxng virus. This procedure and other procedures 

11 can be employed for genetically engineering cells by use 

12 of a retroviral vector. In addition to the promoter and 

^4 !nl 9 n ^ theraP6UtiC 39ent ' 0th - serial can be 

14 included in the vector. This material can include a 

15 selectxon gene such as a neomycin resistance gene, a 

16 sequence for enhancing expression, or other materials 



17 Genetically engineered mammalian cells can be 

is implanted in a mammal bv use a ««« 

19 de v,v a n,w neovascularization 

19 devxee These genetically engineered cells are desirably 

20 lmplanted into a mammal Qf ^ same Y 

22 I^r" emb0diment ' engineered 

23 IZ CS11S ^ C611S derived from a 
23 patxent, genetically engineered to include a gene for at 

25 natllr: theraP6UtiC °»* banted into the 

25 patient from which they were derived by use of a 

26 neovascularization device in accordance with the 

27 xnventxon. These autologous genetically engineered cells 

28 «,en provide "gene therapy" by in vivo production of the 
therapeutic agent for treatment of the patient 
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The genetically engineered cells can be engineered 

2 such that the therapeutic agent is secreted from the 

3 cells in order to exert its effect upon cells and tissues 

4 either in the immediate vicinity or in more distal 

5 locations. Alternatively, the therapeutic agent, if it 

6 is not secreted from the engineered cells, exerts its 

7 effect within or on the engineered cells and can cause 

8 the metabolism of substances that diffuse into or onto 

9 the cells. Examples of such therapeutic agents include 

10 adenosine deaminase (ADA) that functions within the cell 

11 to inactivate adenosine, a toxic metabolite that 

12 accumulates in severe combined immunodeficiency syndrome 

13 or phenylalanine hydroxylase that functions within a cell 

14 to inactivate phenylalanine, a toxic metabolite in 

15 phenylketonuria. 

" The genetically engineered cells used with this 

18 n enti ° n ^ tranSf0rmed «ith a gene for at least one 

18 heterologous protein. This protein is preferably a 

20 In e iTr C , a9ent ' ^ ^ " th ™* ic W ^ used 

21 1 """ tao ^ •—«*■•«• any agent or material 

22 ^ l 11 " 8 " d6Sired or b ^fi=ial effect on the host. 

22 The therapeutic agent can be more than one type of 

23 protein. Desirable proteins include CD-4, Factor VIII 

25 br^"'^ Will6brand F -tor, TPA, urokinase,' 

25 hirudin, the interferons, tumor necrosis factor, the 

26 interleukins, hemotopoietic growth factors including 

27 g-csf, gm-csf, i L3 , erythropoietin, antibodies 
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1 Slucocerebrosidase, ADA, phenylalanine hydroxylase, human 

2 growth hormone. Insulin and others. The selection of a 
suxtable gene is deemed to be within the scope of those 
skilled in the art. Mixtures of cell types can also be 
used with this invention such s genetically engineered 

6 smooth muscle cells, fibroblasts, glial cells 

7 keratinocytes, or others. 



3 
4 
5 



8 
9 

10 



The effect in genetically engineered cells when 
used xn gene therapy, can be controlled by the selection 
of hxgh producing clonal populations and/or the use of 

12 ZT r l W±th 6nhanCed 6XPreSSi0n - T ^ can provide, in 
a th ! rapeUtiCa1 ^ amounts of a desired 

13 ^rapeutxc agent for treating a patient. In determining 

15 ntl/T r ° f C611S t0 bS ±mPlanted ' f3Cto - «"* as the 
half llfe of the therapeutic agent, voluroe of the 

vascular system, production rate of the therapeutic agent 
by ceils, and the desired dosage level are considered 
The selection of such vectors and cells is dependent on 

20 s"iieTi7t e hTart: 9ent "* " ^ ~- «< «~ 



16 
17 
18 
19 



22 also I nSOVaSCUlari2a tion device of the invention can 

23 IT, emPl0ySd t0 ° btain CS11S £ «» * by 

23 planting the device in a host and after a period of 

24 time removing the implanted neovascularization device 

26 :::: T* host for recovery ° f ^ — 

26 collected on the device. Such cells can be 

27 differentiated and used for a variety of purposes. For 
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1 example, this procedure can provide a source of 

autologous cells for genetic engineering and subsequent 
return to the host as genetically engineered cells for 
expression of a protein. Cells collected in this manner 
can be genetically engineered and then returned to the 
host to provide an artificial organ. 



7 The process for directing neovascularization first 

8 involves preparing the device of this invention as 

9 described above. The device is prepared by adsorbing a 
biological response modifier, that is suitable for 

11 inducing neovascularization, onto a support. The 

12 biological response modifier must be present on the 
support in such a concentration as to be therapeutically 

14 effective for eliciting cell growth. The adsorbed 

15 biological response modifier is then contacted to at 

16 least one selected tissue. Typically, the device is 

17 connected to at least two separate sites between which a 

18 blood vessel is desired. These two sites can be the same 

19 or separate tissues or organs. The method then involves 

20 culturing neovascular cell growth at or from the 

21 contacted tissue. Culturing of the contacted cells must 

22 occur for a sufficient time to allow or enable 
neovascularization and the vascular structure to form 



23 



24 Figure 1 demonstrates that ECGF binds to collagen 

25 supports. This is shown by an elution profile of HBGF-1 

26 (ECGF) from collagen type IV-Sepharose and 

27 gelatin-sepharose columns. Collagen Type IV-Sepharose 

28 and The gelatin-Sepharose (1 ml) were packed in a column 
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1 and washed with 5 mis of 2M NaCl in 50mM Tris HC1 p H 
7.4, followed by an exhaustive wash with 50mM Tris HC1 

3 PH 7.4 (adsorbtion buffer; AB). The Gelatin-Sepharose 

4 was from Pharmacia. Bovine collagen-Type IV-Sepharose 

5 was obtained from Sigma Chemical Company, St. Louis, MO. 
7 -V 25l >-^-l was prepared as previously described. 

7 (123i>-HBe*-i (approximately 5x1q5 cpffl)lna ^ 

8 buffer was added to the column m a volume of 

9 approximately o.l ml and the column washed with 

11 alsTtZ bUffer * E1Uti ° n ° f -lumn-associated 

12 bu« I'" ~ aChieV€d ^ 1 - 5M NaC1 ln sorption 

12 buffer or 50 units of heparin (Upjohn, Kalamazoo, MI) in 

13 absorbtion buffer. The NaCl-eluted column was 

14 regenerated with an absorption buffer wash and the 

15 heparin-eluted column was regenerated by consecutive 

16 washes with 1.5M NaCl in absorption buffer followed by 

17 another wash with absorbtion buffer. The matrix affinity 

18 Procedures were performed at room temperature (about 22° C 
ro 25°C) . 

20 Figure 2 demonstrates that ECGF binds to collagen 

21 supports. The adsorbed factor was implanted in various 

22 anatomical sites to demonstrate the practicality of using 

23 growth factor-adsorbed implants to stimulate neovessel 

24 formation and the growth of vascular beds in areas of 

25 interest. The effect of implanting ECGF immobilized on 

26 collagen sponges and the results thereof (arrows to 

27 sponges) are shown: 



WO 89/07944 



PCT/US89/00742 



-23- 



1 



2 B. 



11 
12 
13 
14 



A. Neck, 2 weeks, no ECGF; 



Neck, 2 weeks, plus ECGF; 



3 C IP, 2 weeks, no ECGF; 

IP, 2 weeks, plus ECGF; 

IP, 2 weeks, plus ECGF site-directed; end 
F. IP, 2 weeks, plus ECGF implantation in 
7 omentum. 



4 D. 

5 E. 
6 



8 Figure 3 demonstrates that the device of this 

9 invention induces significant angiogenesis in situ . 

10 These implants were removed at various times for 
examination by common methods of histology in order to 
determine the microscopic nature of these dynamics. The 
following abbreviations are used: Sg represents "sponge 
(C-l)»; S p represents "spleen"; L represents "liver"; and 

15 BV represents "blood vessel (aorta)". H & E histological 

16 stain of sponges (IP in rat) are shown: 



17 A . 

18 B. 

19 C. 

20 D. 

21 E. 

22 and 

23 f. 

24 ECGF. 



sponge— two weeks, IP, without ECGF; 

sponge— one week, IP, plus ECGF; 

sponge — two weeks , IP, plus ECGF; 

sponge glued to liver, 2 weeks, plus ECGF; 

sponge glued to spleen, 2 weeks, plus ECGF; 

sponge wrapped around aorta, 2 weeks, plus 
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1 



Figure 4 demonstrates that ECGF induces 

2 significant and stable angiogenic response in situ by the 

3 recruitment of appropriate cell types as shown in Figures 
2 and 3. Implants were established to create 

5 site-directed bridges between a large variety of organs 

6 vessels, tissues and the ii ke . nitrated are 9 the 
site-directed Gelfoam implant ( Sg ) with growth factor 

betWeen 1±ver L) and spleen (right, Sp). 



8 



lO < Fl 9«e 5 demonstrates that the device of this 

10 invention serves to create neovessels independent of the 
IX implantation site in situ. The d evice has an ability to 
12 serve as a recruitment vehicle for mammalian cells in 
general and as a vehicle to maintain the viability and 
Physiological environment for and of the implanted and 
transplanted cells. Genetically engineered rat 

" ECGF afr 3 / 600 ^ £r ° m C ° llagen SPOng6S adS ° rbed W "h 
IB lt\2 6 WSekS ^"^-tation are shown. 

Hepatocytes were removed to determine their viability 



13 
14 
15 



19 Figure 5A shows 



20 
21 



24 



the results with no growth 



factor. Note that in Figure 5A few cells appear to be 
unhealthy and there is no proliferation or growth of 
22 survxvor cells. Figure 5B shows the results with growth 
- factor. Note that in Figure 5B healthy viable cells are 
accompanied by significant proliferation. 



26 m * 6 an<3 ° f thiS ^tion can 

26 provxde angiogenesis and neovascularization from one or 

27 more sites on a single tissue or different tissues. The 

28 development of a blood vessel from a single site of one 
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1 tissue, such as an artery, provides a vessel that can be 

2 transplanted or that can be used as an artificial organ. 

3 The development of a blood vessel between two or more 

4 sites located on the same or different tissues provides 

5 improved circulation between the sites. 

6 Figure 6 illustrates a cross section of a blood 

7 vascular structure developed by the device and method of 

8 this invention. This figure demonstrates that the blood 

9 vessels developed by this invention are not merely a 

10 bundle of vascular cells growing in an undirected 

11 manner. The blood vessel 1 contains endothelial cells 2, 

12 mesothelial cells 3, pericytes 4, smooth muscle cells 5, 

13 fibroblasts 6, and neuronal -like cells 7. The cross 

14 section of the blood vessel 1 demonstrates the formation 

15 of capillary-like structures 8, arteries 9, and vein-like 

16 structures 10. This development of a complete vascular 

17 structure provides a rigid vessel that remains 

18 permanently in the organism and that can be transplanted 

19 within this organism. 

20 A method of this invention can be used to provide 

21 an artificial organ by first directing the growth and 

22 development of a blood vessel from a tissue. The 

23 developed blood vessel is then injected or seeded with 

24 cells from a selected tissue or organ. The injected 

25 cells can be genetically altered before being seeded into 

26 the blood vessel. The seeded cells can provide a desired 

27 metabolic effect. These metabolic effects can include 
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hepatic functions such as bilirubin metabolism and 
pancreatic functions such as insulin production. other 
metabolic functions can be provided by cells containing 
one or more hormone producing genes. Artificial organs 
developed according to this invention can provide desired 
functions without being subject to a response from the 
7 organism's immune system. 



1 
2 
3 
4 
5 
6 



8 



9 

10 



15 
16 
17 



EXAMPLE 1 



Example 1 demonstrates various embodiments of the 
device or composition of the invention and the method by 
which the device is produced. This example uses HBGF-I 

12 with a radioactive iodine marker. m therapeutic use 

13 the radioactive marker would not be present. Example 1 

14 is as follows. 



Gelatin-Sepharose and collagen Type IV-Sepharose 
were examined for the ability to absorb (^d-hbof-I 
Figures 1C and G show that the majority or approximately 

18 80 percent of the (^.hb^ binds to immobilized 

19 gelatin and collagen Type IV and can be eluted with 1.5M 

20 NaCl. Adsorbed (^S^h^ can als<j be 

11 nts ,°' 5M N3C1 ^ ShOWn >- duration of 

-3 sxgnxficantly reduces the ability of the polypeptide to 



24 bind to immobilized gelatin and collagen Type IV by 

25 inactivation of the binding domain within the HBGF-l 

26 polypeptide structure. 
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1 The < 125 I)-HBGF-1 adsorbed to immobilized gelatin 

2 and collagen Type IV can also be eluted with heparin as 

3 shown in Figures 1A and E. Approximately 20% of the 

4 growth factor, which remains bound after heparin elution, 

5 can be eluted with 1.5M NaCl. 



6 
7 



Pretreatment of the gelatin and collagen Type IV 
matrix with 50 units of heparin significantly reduces the 

8 ability of either matrix to absorb (125 Z )-bbof-i as shown 

9 in Figures IB and F. Regeneration of either matrix with 

10 a 1.5M NaCl wash permits (125 x )-hbgf-1 adsorption. 

11 Bovine serum albumin at Img p er ml and human 

12 fibronectin at Img per ml do not significantly elute 

13 ( 125 j j -HBGF-1 absorbed to either matrix as shown in 

14 Figures ID and H. 



15 



EXAMPLE 2 



16 Example 2 demonstrates the method for implantation 

^8 !L.! hS , d ! ViCe , ° f th±S invention f or eliciting 



neovascularization. The use of immobilized gelatin with 
19 HBGF-I represents the preferred embodiment of the 
invented method. Example 2 is as follows. 



20 



21 Example 2 demonstrates that HBGF-I binds to both 

22 immobilized gelatin and to collagen Type IV. it is shown 

23 that HBGF-I, adsorbed to gelatin sponges, promotes 
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1 
2 
3 
4 
5 

6 



angiogenesis in the rat at concentrations of the growth 
factor which are consistent with the growth factor's 
activity as an endothelial cell mitogen in vitro. This 
concentration is about 10-3 times lewer "~^an the 
concentration used in vitro in the art. 

The abdomen of an anesthesia male rats weighing 

7 250 grams was washed with 20 percent volume to weight 

8 (v/w) ethanol and an incision was made into the abdominal 

io lZy a T\ toe7cpose abdominal cavit *- 

10 manufactured by Upjohn, Kalamazoo, Michigan, was cut late 

11 strips of approximately 5 by 20mm. The sponge was 

12 cemented to the distal area of the abdominal aorta with 

13 n-butylcyanoacrylate. A bridge was created with the free 

15 J* SP ° n9e ^ the fre « end was cemented to 

« another tissue. In the studies that were conducted to 

17 alteal^ ^ eXamPleS ' ** f -^ing tissues were 
17 actually contacted by the device. These tissues were 

19 Ibdom-T" ±nClUdin9 liV6r ' kidnSy ' — the 

20 Various concentrations of HBGF-l from about 1 to about 10 

21 n 9 Per mm3 were adsorbed to sponges for these studies 

22 The surgical opening was closed with a staple gun. The 

23 animals were fed a normal diet and the incision was 

24 opened 1 week after surgery. The collagen sponge was 

25 surgically extracted, grossly examined for blood vessel 

27 ex^nltten.^ ^ ^ — -r histological 
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3 was evaluatea ^t^^'^^ ** ^""^ 

4 4. ^ ^xuiai gelatin sponges sold bv the 

5 ;;; d ;:r " Gei *°°"- — *- «"» "*»-! couL be 

6 * ' " Sth0d ^ indUClnS situ. 
6 Survival surgery was performed on the rat InTrdeTTo 

" — — - ^eT^tu le^rr: 

observed macroscopicallv to h~ 

16 h ^ HBGF-1 ana sponges aosoroaa with HBGF-i ana 

16 heparin dia not indues neovaseularisation after one we"' 

l" So—" iS °° nSiStent »" h abiii™ 

» geXaSnana 0 ^ * 

gexatin and collagen-Type IV a +..+-.4.* 

on .„ . 3 j-v. a titration curve with 

20 varaous concentrations of hbgf-i * 

21 «™ ^ hbgf-1 was performed using this 

21 procedure and results similar to Figure 1 „ a<a w 

22 with 1 to lOna hbgf i « 3 observed 

23 shown) Histoi < 7 * ^ ° f SP ° n9S (data 
snown). Histological examination (Figure 3) of t»* 

24 sponge removed after one week in o,* 

oe e weeK in situ revealed new hin^ 

25 vessel growth within the sponge. 



is an e«i 4 f ^ Ge "° aB ^ (Wlth ° ut —) 

The ahili^ 71 ^ ° f ^e serosa 

The ability of i«obilised HBGF-l-adsorbed i„ pla nts to 
induce and sustain ^-k« TO 
within th* !! PrOC6SS ^vascularization 

withxn the peritoneal cavity was assessed. separate 



27 is 
28 
29 
30 
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7 



1 surgical Implants were cemented as strips of Gel foam to 

2 the abdominal aorta in the rat creating a bridge between 

3 tius site and either the kidney, sple en, liver, or 
abdominal wall (Figure 4). After two weeks in vivo, the 
^Plants were examined for the extent of angiogenesis . 
Bidirectional formation of new blood vessels along the 
HBGF-l-adsorbed gelatin sponge from the liver and aorta 

8 was observed. Similar bidirectional results were 

9 observed with implants cemented from the aorta to either 
11 ^\ k±dney ' Spleen ' or abdominal wall (data not shown). 

11 Histological examination of these implants yielded 

12 results identical to those observed in Figure 3. 

13 induced neovascularization within the peritoneal 

14 cavity was also shown to sustain the proliferative 

16 

19 surgicc 

20 was ac 

21 HBGF-1 . separate surgical implants were cemented^s a 

22 bridge between the liver and the spleen and allowed to 

23 remain in situ for four to six weeks. At this time, the 

24 implants were removed, digested with either trypsin or 

25 collagenase to recover implanted cells which were 

26 maintained in tissue culture. Cells which were recovered 

27 from HBGF-l-adsorbed Gelfoam sponges were able to 

28 proliferate in vitro under selective pressure which 



• . _ ^uxxterative 

potential of a genetically engineered rat hepatocyte cell 
strain simultaneously implanted with the HBGF-l-adsorbed 
Gelfoam (Figure 5). Hepatocytes were grown to high 
density (i 0 8 ce ii s) on a Gelfoam sponge ^ ^ 

« surgical implantation, 10ng of HBGF-1 per mm3 of s 
21 21 T^t' ° 0rtSO1 SPOn96S n0t C ° ntain adsorbed 
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reflected genetic disposition (Figure 5B). In contrast, 
2 the cells recovered from control Gel foam sponges 

displayed a loss of proliferative potential (Figure 5A). 
Histological examination of sponges containing the cells 
revealed that HBGF-l also induced a response similar to 

6 Figures 3 and 4. 

7 in accordance with the device and method of the 

8 present invention, angiogenesis and neovascularization 

9 has been achieved between various tissues and organs as 

10 demonstrated by Figures 2 through 5. Neovascularization 

11 has been similarly accomplished between the following 

12 loci (data not shown): liver to spleen; liver to kidney; 

13 spleen to kidney; liver to aorta; liver to vena cava,' 
liver to omentum (omentum, containing pancreatic tissue); 
aorta/to vena cava; spleen to aorta; spleen to vena cava,' 
spleen to omentum kidney to aorta; kidney to vena cava; 
kidney to omentum; omentum to aorta; and omentum to vena 



14 
15 
16 
17 



18 cava. 

EXAMPLE 3 AND COMPARATIVE EXAMPLE A 



19 



20 



Example 3 demonstrates the device of the invention 

21 having a non-absorbable support. The experiments 

22 performed to derive this example were conducted with 

23 either Type I or Type IV collagen and involved 
implantation onto the liver or the spleen of a rat. 



24 
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1 Comparative Example A demonstrates that the use of 

the same materials and procedures of Example 3 without 
HBGF-l did not induce neovascularization. 



4 HBGF-l adsorbed, collagen-coated (Type I or IV) 

5 expanded ptfe fibers were surgically Ranted in the 

6 peritoneal cavity (onto the liver or the spleen, of the 
rat. a significant angiogenic response was specifically 

8 induced by HBGF-l in situ and the results four weeks 

10 a !? e KK SUrgery m ShOWn in Fi ^7. Bloodvessels, 

11 IT»T« m±9rated fr ° m ^ t±SSUe S " e ° f ^-tation, 

11 could be observed macroscopically within and around the 

12 xmplanted fibers. The anterior portion of the fiber 

13 xmplant which was attached to the liver, exhibited 

14 substantial neovessel growth from the liver into the 
xo interior of the implant (Figure 7). Further examination 

revealed that the posterior portion of the fiber implant 

18 T T t0 3 SPeC±fiC ° r9an> ° r regi ° ns ln vicinity 
18 of the xn.piant contained vascular "strings" which were 

20 rT? y COnneCt6d to the mesentery tissue around the 

20 bowel loop (Figure 8). it was also possible to induce 

21 and sustain long-term bi-directional neovessel formation 

22 between the liver and spleen by the implantation of 

abii a ^ e , HBGF " 1 - treated on each organ. The 

ability of HBGF-l adsorbed implants to maintain the 
neovessel structures within the peritoneum is evidenced 

□v rnpco K^n^i*, . - _ 



16 
17 



24 

25 

26 by these highly vascular bridges. Control fibers of 

27 Comparative Example A did not induce neovascularization 

28 even affor 

29 
30 



— — — 4 .c U vaoi,ui.drizatior 

even after six months following surgical implantation. 
Titrations with various concentrations of HBGF-l were 
performed using this procedure. Similar results were 
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1 obtained with HBGF-1 at concentrations between 1 to 100 

2 ^/^of fiber surface area. The concentration of 

3 HBGF-l required to induce an angiogenic response in the 

4 fiber implant model is consistent with the results 

5 obtained with the Gelfoam implant model and the mitogenic 

6 activity of the polypeptide in vitro . 



10 



EXAMPLE 4 



Example 4 demonstrates that the blood vessel 
produced in Example 3 displayed a large organized solid 
matrix including a network of neovessel formations 



12 hbgf i Z 7 surgical placement of the 

13 a^T T imPlant ° n ^ SPl6en ° f a 

13 abdominal organs were perfused and fixed (formaline) 

14 using a catheter placed in the lower thoracic aorta. 

15 Subsequently, the abdominal organs were perfused with a 

16 radio-opaque silicone rubber dye sold by the trademark, 

18 T 7 ZV ' ^ ^ S ° ft X " ray analyS±S '-gnification 
27KV). Multiple vascular connections between the fiber 

19 xmplant and mesenterial vessels were observed as well as 

20 a vascular turbosity within the implant which is typical 

21 for new vessel formation (Figure 9). Histological 

22 examination of the implant itself displayed a large 

23 organized solid matrix containing a network of neovessel 

25 IT!* 0 ^ lnterdl ^ tated wi *> different cell types 

26 T consistent with results previously obtained witn 

26 the short-term HBGF-1 -treated Gelfoam implant model. 

27 x-ray analysis of the long-term fiber implant as shown in 
ZB Figure 10 has confirraed that neovessel formation within 
- the fiber network has become integrated with the vascular 

primarily through the bridges 



30 tree of the host. 
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2 



("strings") of richly vascular tissue (Figures 7 and 8). 
Histological examination of the longitudinal section 

3 through a typical vascular connection revealed the 

4 presence of multiple vascular lumina surrounded by thick, 

5 collagenous and muscular walls of the neovessel structure 

6 (Figure 11).. Cross-sectional analysis through these 

7 vascular connections further related the presence of a 

8 monolayer of mesothelial cells surrounding a large 

9 vascular lumina in the central portion, encompassed by 

10 prominent endothelial cells and multiple layers of smooth 

11 muscle cells, representing mature and highly 

12 differentiated arteries. Venous lumina are less visible 

13 and present as partially collapsed slits. Within the 

14 periphery are abundant capillary lumina, and the entire 

15 vascular bundle is surrounded by a continuous 

16 fxbrocellular capsule (Figure 6). Further examination of 

17 this resource at higher magnification revealed the 

18 relatively rich collagen component of vascular structure 

19 as well as the abundance of endothelial cell-lined 

20 capillary structures (Figure 12). The presence of two 
distinct, yet prominent, round structures, marked with 
asteriks were also observed. These structures displayed 
histological characteristics of neuronal-iike 

24 structures. Collectively these data suggest that HBGF-l 
is capable of signaling a variety of the squamous 
mesothelial cells of the serosa and the proximal cells of 
27 the tunica adventita to initiate angiogenesis. The 
appearance of mesoderm- and neuroectoderm-derived cells 
is consistent with the ability of HBGF-l to act as a 
mitogen in vitro for epithelial cells, fibroblasts 
31 smooth muscle cells, mesothelial cells, endothelial 



21 
22 
23 
24 
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2 n! 11S ' aStr ° CyteS and ^^odendrocytes. The presence of 

3 r r ° n ^ StrUCt — 1~ consistent with the 

4 ^ z owt : factor (NGF, - iike bioi ° gicai 

5 " L i n ^tt 06 n6Urlte eXtenS±0n ~ ~* ~ — 



6 EXAMPLE 5 AND COMPARA TIVE EXAMPT.R g 

8 i aro . EXamPle 5 dem ° nstrates that the presence of a 

9 gan " ed S ° lid staining a network of 

10 1ST mUSCUlar ne ° VeSSel ^ions of Example 4 and 
^ which are contiguous with the host's vascular tree J 

situ, pern,its successful selective cell transplantationT 

comparative Example B demonstrates that the use of 

S G pT d e .rT alS ^ Pr ° CedUreS ° f EXample 5 ""hoot 
HBGP-l did not sustain selective cell transplantation. 



11 

12 
13 
14 



15 Homozygous Gunn rats 

e~::r osm ^ for b±i ^ « ~ 

is For tMs — — 

iq k ^ lifelong nonhemolytic unconluqated 

20 therapy potential of this systea. hepatocytes „ara 

22 <^r r : t " CO " a9e — -r^ion oi aynganaic Wiata" 

23 " iStar 1S "-tioal to 

23 the Gunn rat eiteept ^ „ contaln3 bilinibln 

24 conjugation locus. ™ MI1 



25 
26 
27 
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1 surgically opened revealing numerous neovessel formations 

2 both protruding from the. liver and extending into the 

3 bundle of fibers (Figure 7) and connecting the bowl loop 

4 with richly vascular bridges. Primary hepatocytes 

5 harvested from syngeneic Wistar (RHA) rats were injected 

6 into the fiber network of the vascularized fibers 

7 Immediately, serum bilirubin levels began to decrease and 

8 ten days after hepatocyte injections, the serum bilirubin 

9 levels had decreased by 50 percent. A gradual decrease 

10 to greater than 60 percent was observed for the duration 

11 of the experiment (60 days) as shown in Figure 13A. 

12 Experiments have determined that reduced levels of serum 

13 bilirurin (>60%) can be maintained at least 181 days and 

14 histological examination of these long-term im pi ants 

16 ZZT J. 3 ' 16 . hePatOCyteS - ***** -t. suggest that 

16 HBGF-1 fiber xmplant model functions in vivo as a 

17 receptacle for the successful site-specific introduction 

18 of cells capable of expressing a differentiated 

19 physiologic function. 

21 „ * ^ C ° mparative *> the hepatocytes were 

21 seeded onto collagen (Type IV) coated PTFE fibers, which 

22 did not contain adsorbed HBGF-1, and surgically implanted 

23 on the right lobe of the liver. The serum bilirubin 

24 levels decreased to approximately 50 percent. This was 

25 followed immediately by a sharp reversion to the original 

27 k?^T , bilirUlr±n level « 13B shows that the serum 

27 bilirubin levels remained constant for the duration of 

28 the experiment (60 days). Histological examination of 

29 these implants after twenty days suggested that 

30 accumulating levels of toxic-like acids within the fiber 

31 implant led to the ultimate death of the transplanted 

32 hepatocytes . 
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1 The long-term HBGF-1 fiber implant model of 

2 Example 5 induces a prominent angiotropic and neurotropic 

3 response when appropriately implanted in the rat. 
Example 5 demonstrates the ability of HBGF-1 to induce, 

5 sustain, and maintain the anatomical coordination of 

6 highly sophisticated and widely diversified mammalian 
cell types in vivo. The interrelationships between 

8 extracellular matrix components and 

9 differentiation-specific gene regulation can provide 

10 information critical for genetic engineering therapies. 

11 This invention may also prove useful as a site-specific 

12 transgenic alternative with the ability to understand the 

13 temporal and coordinated expression of growth and 

14 differentiation signals during neuronal and angiogenic 

15 development in the adult. 



16 



24 
25 
26 
27 



EXAMPLE 6 



17 Example 6 demonstrates the neovascular device of 

18 this invention wherein genetically engineered cells are 

19 seeded into the device. Example 6 is as follows. 

20 a. The construction of the pG2N retroviral vector, that 

21 was used to genetically engineer endothelial cells to 



22 produce rat growth hormone, was performed with SV40 

23 promoted neomycin resistance gene and a rat growth 
hormone cDNA. These were placed into the pB2 retroviral 
vector provided by the Laboratory of Molecular Hematology 
at NIH. A growth hormone cDNA was obtained by digesting 
the plasraid RGH-l according to Nature 270 (1977): 494 with 
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2 b»k / " restric "°" endonucleases from 

3 ^°* hrln9,r Mannhel » Biochemical*. This rat growth 
3 hormone cDNA was electrophoretically IsoXated out of an 

5 beauT "2 PUli " ea bi "^/elutlon to glass 

beads sow by the tradename, Geneclean Bio 101 La 
Jolla. California. This growth ho™„„. * ' ' ** 



™ s S* 0 " 01 hormone cDNA was then 

8 1 ! U- "" thS lar9e £ra ^ ent ° f °™ polymerase Klenow 

9 nucleotide triphosphates as raoommendad by the 

10 manufacturer. This fragment was then purified w^ 

11 Geneclean product. 

M 4-k B2 VeCt ° r WaS constr «cted in order to replace 

13 the NeoR gene in N2 according to M.A. Eglitis et al 

14 Science 230 (1985W3Q*. n * ^ 8 ' 6t a1 "' 

15 eT^I^^L !!! Armentano, et al., J, yj rol 

16 « ^ !! with a multiple cloning site. 

16 first digested with Eco RI, thereby releasing both the " 

17 and 3' LTRs with the adjoining MoMLV flankin! 

18 The 3- r ™ * «oni,v rianking sequences. 

19 Zl J I ^ ^ 1±gated ^ the EcoR * site of 
19 theplasmxd GEM4 from Promega Biotech. The 5' LTR 

21 IITT r 1 ^ flanki ° 9 ~~ ~ — digested 

22 was inserted into the Hind III site of pGEM4. 

24 restrict! ^ ~ d±9eSted the Hinc " 

restriction endonuclease from New England Liolabs and 

26 USin9 Calf alkali - Phosphatase^ 

26 Boehrxnger Mannheim Biochemicals. The p B 2 piasmid wis 

28 ^r"^ Wlth ^ 06116016311 Pr ° dUCt - The « vector 

- T4 ixgase from New England Biolabs, p G2 was then digested 
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1 vjith Bon from New England Biolabs, 

3 BI ° 101 P^uct, and blunt ^,1^ 

r K ^l: 9 ™ 6 "*- : baS8 *~ ™° neo^l 
5 LI ^ 9Sne fra9 " ent Bas '"^ed from the p SV 2CAT 

° Pvull end HlnlJIII from « * 

^ wa r th so r ed * a9arose 9ei — * ™: 

9 re""taL f " *• The sv<o-neomycin 
resistance fragment was then llgated using T4 lioas. <v™, 

10 New Engiand Biolabs with p G 2 and transformed into DH5 

(BRL) . Colonres were screened and the resulting p la smia 

13 construct was called pe2N. The SAX v.„<™ Plasmid 

1 4 ^ ine bAX vector was obtained 
" es described in Proc. Natl. Acad Snf „" !! 

15 (1988):6563. SSSi SC1 ' " SA 83 



16 
17 
18 
19 
20 
21 



The recombinant vectors. N2, SAX, G2N. used in 
this ezample were each separately transfected into the 
currently available retroviral vector packaging ce ^ 
"nes. including the amphotropic packaging lines PA317 
H=l. Ceil. Biol. 6<1986>:2895. end the ecotropic' line 

22 ol 33<1983,:153 - These lines were developeH; 

22 order to allow the production of helper virus-free 

23 retroviral vector particles. 



25 llcJT T C ° ntainin ' P«- "hich was a gift of 

26 Li h ° f °° lle9e ° f "*»*<*«- and Surgeons 

26 Columbia University. New yor*. New yor*. was dige^ed 

27 with the restriction endonucleases Eco R1 and Bam HI from 

29 1 ^ 9lBnd Bl0lBbS ' BSVerly - "—*—». to release 

29 the CD4 gene which was isolated by agarose goI 
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I electrophoresis followed by purification via 
binding/elution to glass beads using the Geneclean 

3 product. Bio 101, La Jolla, California, in the manner 

4 recommended by the manufacturer. The CD4 fragment was 

5 ligated, using T4 DNA ligase as recommended by the 
supplier, into Eco Ri plus Bam HI cut Bluescript cloning 
vector from Stratagene Co., La Jolla, California. The 
ligation was then transformed into competent DH5 alpha 

9 bacteria from Bethesda Research Labs, Gaithersburg, 

10 Maryland, and white colonies were isolated and screened 

II for proper insert size to yield the plasmid pCDW. To 

12 produce a suitable plasmid based expression vector for 

13 the CD4 gene, the plasmid SV2neo, obtained from American 

14 Type Culture Collection, Rockviiie, Maryland, was 

15 digested with Hind III plus Hpa I. A synthetic 

16 polylinker sequence from the pUC-13 vector from 
Pharamicia, Piscataway, New Jersey, was inserted via T4 
DNA ligase in place of the NeoR gene of PsV2neo. This 
ligation was transformed into DH5 bacteria from Bethesda 
Research Labs and colonies screened for the presence of 

21 restriction enzyme sites unique to the polylinker to 

22 yield the vector pSVPL. The pSCPL expression vector was 

23 further modified by the insertion of an Xho I linker 
usang conditions and reagents suggested and supplied by 

25 New England Biolabs, into the Pvu II site on the 5« side 

26 of the SV40 early region promoter to produce pSVPLX. 



17 
18 
19 
20 



27 
28 
29 



The pCDW and pSVPLX plasmids were digested with 
enzymes Hind III plus Xba I from New England Biolabs and 
their DNAs isolated using the Geneclean product following 
30 agarose gel electrophoresis. Ligation of the CD4 
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1 fragment Into the psvPLX vector was perked and 
colonies were screened to yield psvcow in which the SV40 

3 virus early region prosoter is used to drive the 

step was to produce a for* of the a>4 gene such that It 

6 would be exported from the cell ,» o„ 4. 

7 product. extracellular 

8 C. The production of a soluble for- of CD4 was 

9 accomplished by the use of a specially designed 

10 oligonucleotide adaptor to produce a mutant fori of the 

" th! " h * 1 S " e ° f *" 9 ene « produces 

14 T, P ™ PrematUr6 *—»««- of the CD4 protein 

15 3- SeqUenCe While ~»««« the Nhe 1 site and 

15 creating a new Hps 1 site. This oligonucleotide adaptor 

16 synthesized by «idland Certified Reagent Co. was 

i. ::r ced , by *-» ~oryia::d 

18 Oligonucleotides: (1) 5 ' CTAGCI TGAGTGAGI T 3. an7 ,2. 

» AACTCACTCAAG . This product was then ligated into the 

with 1 The li9atlon reaction - «- 

wrth Hpa 1 and then Xho I liters were added. The linker 

23 2 T ter ^ Mted h -«"g at 650 C for 15 minutes 

23 and then subjected to digestion with Xho I restriction 

25 tor"" 6 " 6 fr °" Bn31and B1 ° labS - ThiS « 

25 then subjected to egaros. gel electrophoresis and the 

26 fragment containing the SV40-C0 4 adaptor isolated using 

27 the Genecleen product. The retroviral vector H2 was 

28 prepared to accept the S V40-a>4-adaptor fragment by 

30 272 T T h ^ 1 ^ calf intestinal 

31 "a Man " hei "' -"anapolis. 



21 
22 
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The ligation of a CD4 expression cassette was performed 
with an insert to vector ratio of 5:1 and then 
transformed in DH5 competent bacteria from Bethesda 

4 Research Labs. Constructs were analyzed by restriction 

5 endonuclease digestion to screen for orientation and then 

6 grow up in large scale. The construct where the 



10 
11 
12 
13 



15 



SV40 



— - UHS 

virus promoter is in the same orientation as the viral 

8 LTR promoters is known as SSC while the construction in 

9 the reverse orientation is called SCSX. 



The SSC vector is packaged into PA 317 cell line 
as described by Miller, et al., supra , to provide PA 317 
cells capable of producing soluble CD4 protein. The SSC 
vector packaged PA 317 cells were used to transduce 
14 rabbit endothelial cells as described above. The 
transduced endothelial cells expressed soluble CD4. 



16 D. Collagen sponges containing adsorbed HBGF-1 of the 

17 type previously described were surgically implanted in 

18 the abdominal cavity of a rat near the liver. Sponges 

19 were surgically removed seven to ten days 

20 post-implantation and digested 30 to 60 minutes at 27<>c 

21 with a solution of collagenase in phosphate buffered 
saline in a concentration of Img/ml using a tissue 

23 culture incubator at 5 percent in C0 2 . Released cells 

24 were collected by centrifugation for 10 minutes at 1000 

25 rpm at 20°C The cells were washed once with phosphate 

26 buffered saline (PBS) and pelleted by centrifugation. 

27 cells were resuspended with two volumes of 30 ml of media 

28 containing: M199 media (Gibco); ECGF (crude brain 

29 extract) 7.2mg; Heparin (Upjohn) 750 units; 
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1 and 20 percent conditioned cellular media collected as 

2 supernatant from confluent dishes after 48 hours of 

3 either bovine aortic or human umbilical vein endothelial 

4 cells. The other media contained: 10 percent fetal calf 

5 serum (Hyclone); 3000 units Penicillan G (Biofluids); and 

6 3000 units streptomycin sulfate (Biofluids) and the cells 

7 were P lat «*d for 16 hours on 100 mm tissue culture disk 

8 coated with fibronectin (human) using lug/cm2. Plated 

9 cells were washed with PBS three times and fed 15ml of 

10 previously mentioned media. Media was changed every 2 

11 days for the duration of the procedures. 

12 Selected rat endothelial cells were transduced 

13 with N-7, SAX, G2N and SSC vectors by the following 

14 procedures: 

15 L 2x106 microendothelial cells (monolayer 80 

16 percent confluent) 

17 2. 2 x 106 cfu/ml viral supernatant 

18 3. Polybrene (8ug/ml) 

19 " Combine 1, 2, 3 in 5 ml total volume for 2-3 

20 hours at 37°C (5 percent C0 2 ). 

21 ~ Add 20ml of tissue culture media for 16 hours 

22 at 370C (5 percent C0 2 ). 

23 " ^Pirate off media (virus containing), add 

24 fresh culture media. 
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- After 48-96 hours, add G418 (800ug/ml) and 
^ culture media. 



3 

Select for one to two weeks changing media 
•a every two days. 



5 
6 



23 
24 



26 
27 



The following are procedures for seeding a sponge 
with the transduced endothelial cells described above. 



7 A. The endothelial cells are seeded directly onto a 

™! F " 1 _ adS ° rbed ' COlla9en coated p TFE fiber sponge, and 

as 



9 the sponge is implanted back into the same animal used ^ 

10 the source of endothelial cells. The site of 

11 implantation can be subcutaneous, intraperitoneal, or at 

12 or near the site of the organ that normally produces the 

13 new product encoded by the gene transduced into the 

14 endothelial cells. The sponge implant generates its own 

15 vascularization within 5 to 10 days, as described in 

16 earlier examples. The engineered endothelial cells are 

17 maintained on the implant such that the new gene product 

18 is delivered directly into the circulation after 

19 secretion from the cell. The production of the gene 

20 product is monitored either by direct measurement of its 

21 serum levels, by the biochemical or physiological effect 
Z2 of the agent, or both. 



B. An HBGF-1 absorbed, collagen coated PTFE fiber sponge 
is preimpianted at the desired site, as described above 
25 and at the time determined to be optional for that 
implant site for establishment of neovascularization 
The transformed cells are injected directly into the 
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already-vascularized fiber sponge. The advantage of this 
method is that the engineered cells are more rapidly and 
effectively established in the implant or migrate back 
into the parent organ (e.g., liver). The product begins 
to enter the circulation much sooner than with method A 
6 above. Production of the new gene product is measured as 

' d6SCribed in meth °d A. This procedure can be applied to 

8 a number of different cell types capable of being 

9 sampled, genetically engineered in vivo, and reinserted 

10 via the fiber sponge implant. Such cells include 

11 fibroblasts, hepatocytes, smooth muscle cells, bone 

12 marrow cells and others. The products delivered to the 

13 circulation can be any peptide or protein whose gene can 

14 be inserted into a cell and whose product is desired to 

15 be delivered. 



16 



17 
18 
19 



EXAMPLE 7 



Gortex shunt tubes were surgically implanted into 
the peritoneum of rats, in such a way as to form a loop 
with each end contacting the aorta. The tubes contained 

21 l^T 3 Gelf0am (C ° lla * en *> s ^ impregnated with 
21 HBGF-1 (1 ng/ml) or a bundle of "angel hair" Gortex 

11 SnTV Wlth 00113960 1 "* ^Pregnated with 

23 HBGF-1 (1 „ g/ail) . Tfte ^3 were left ±n ^ an±njals f£>r 

24 one month, then surgically extracted, grossly examined 

25 for blood vessel formation, and the sponge prepared for 

26 histological examination. As shown in Figure 14A the 
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1 tube that had contained the Gelfoam sponge contained no 

2 new blood vessels, and the sponge had completely 

3 dissolved. m contrast, the angel-hair Gortex fiber 

4 bundles became significantly vascularized (Figure 14B), 

5 with higher magnification showing the capillary 

6 structures (Figures 14C, D). 



7 This experiment provides an example of directing 

8 neovascularization to a particular site, with a two 

9 component device. The first component, a tube or pouch, 

10 can provide a receptacle in which implanted cells,' 

11 genetically engineered or normal, can be seeded. it is 

12 possible that such a site may be immunologically 

13 privileged, and allow cells from another individual, or 

14 even another species, to survive and produce a desired 

15 product. 
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WHAT IS CLAIMED IS 

1. A neovascularization device comprising 
a biocompatible support; and 

a biological response modifier for inducing 
neovascularization, said biological response modifier 
being adsorbed to said biochemical support. 



7 2. The neovascularation device of claim l 

8 wherein said biocompatible support is an absorbable 

9 support. 



10 3 * The neovascularization device of claim 2 

11 further comprising: 



12 



a non- absorbable support. 



13 4 * The neovascularization device of claim 1 

14 wherein said biocompatible support is a non- absorbable 

15 support. 



16 5 - The neovascularization device of claim 2 

17 wherein said absorbable support is a member selected from 

18 the group consisting of collagen, laminin, fibronectins 

19 gelatin, glycosaminoglycan, glycoproteins, proteoglycans 

20 and mixtures thereof. 
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6. The neovascularization device of claim 1 

ZZZ:7 bi0l ° 9iCal reSP ° nSe is * niter 

selected from the group consisting of a hormone a 

hormone Prototype, a hydrolase, and mixtures thereof 

wherein 7 * Sai / h H ne ° VaSCUlarlZatl0n deViCe ° f clai * * 

±S ^ ^Senic and neurotrophic 
growth factor being a member selected from the Jouo 
consisting of HBGF-I HBGF-Ii an Hbgf r Tl P 
9 mri? tt ' HBGF-I prototype, an 

HBGF-II prototype, and mixtures thereof. 

« , 9 ' neow »»<= u l«iMtlon device of claim l 

15 wherein seia biciogicei response modifier is ' 

c Sr ° Mt : faCtM ' 9 rowtn Ltor 



18 

19 
20 
21 
22 
23 



wherein L ^vascularization device of claim 3 

froT J "^-absorbable support is a member selected 
fr ° m 1116 consisting of nylon, rayon dacron 

TzziiiT p r ethyiene - ptfe - — v c 

-lv, Jcerratin, and glycolipid. 
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2 wherein'sai* ^ ne ° Vascul ~"ation device of claim 4 
wnerein saxd non- absorbable suDDort = w 

3 from the group insisting T ^n 
Polypropylene, polyethylene! pipe cllagenT' da ° r0n ' 
IV. ..erratln. and glycolipld. *' C °" a ' en 



3 
4 
5 



f 12 * The neovascularization devira 

> "herein said absorbable support is gelatin ° l ~ 2 



8 



13. A neovascularization device comprising: 
9 

an absorbable support; 

» being a^oeTr^o 6 T' al ™ le 

sorted to seid non-absorbable support; and 

" coneenJatioT^^rnducir":: "T"" *" 

U neovesculariration. sai" ^cf t . """^ 

« bei„ g edsorted to said absorb^ a^port ~ 



!•». The neovascularization device , • 

> wherein said absorbable support is a " 



15. The neovascularization device of 
wherein said biological response Jdifier is a T b 
selected from the group consisting .7 ,1 
hormone prototyre « h„„™, hormone, a 

p orotype, a hydrolase, and mixtures thereof. 
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16. The neovascularization device of claim 15 
wherein said hormone is an angiogenic and neurotrophic 

3 growth factor being a member selected from the group 

4 consisting of HBGF-I, HBGF-II, an HBGF-I prototype, an 
HBGF-ii prototype, and mixtures thereof. 

6 17. The neovascularization device of claim 15 

7 wherein said hydrolase is heparinase, collagenase 

8 plasmin, a plasminogen activator, thrombin, heparatinase' 

9 and mixtures thereof. 

*° 18 * The revascularization device of claim 13 

11 wherein said biological response modifier is an 
angiogenic growth factor, said angiogenic growth factor 
being in a concentration of about 1 to about 10 nanograms 
per mm3 of sa id per mm3 of both said absorbable support 
15 and non- absorbable support. 



12 
13 
14 



16 19 
17 
18 



19. The neovascularization device of claim 13 
wherein said non- absorbable support is a member selected 
from the group consisting of nylon, rayon, dacron, 

19 polypropylene, polyethylene, PTFE, collagen I, collagen 

20 iv, kerratin, and glycolipid. 



21 



22 



20. a neovascularization device comprising: 
a biocompatible support; and 
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1 25. The neovascularization device of claim 20 

2 wherein said hormone is an angiogenic and neurotrophic 

3 growth factor being a member selected from the group 
4. consisting of HBGF-I, HBGF-II, an HBGF-I prototype, an 

5 HBGF-II prototype, and mixtures thereof. 

6 26. The neovascularization device of claim 20 

7 wherein said hydrolase is heparinase, collagenase, 

8 plasmin, a plasminogen activator, thrombin, heparatinase, 

9 and mixtures thereof. 

10 27 • Th © neovascularization device of claim 22 

11 wherein said support is a member selected from the group 

12 consisting of nylon, rayon, dacron, polypropylene, 

13 polyethylene, PTFE, collagen I, collagen IV, kerratin, 

14 and glycolipid. 

15 28. The neovascularization device of claim 23 

16 wherein said non-absorbable support is a member selected 

17 from the group consisting of nylon, rayon, dacron, 

18 polypropylene, polyethylene, PTFE, collagen 1, collagen 
, 19 IV, kerratin, and glycolipid. 

20 29. A process for producing neovascularization 

2 1 comprising : 



adsorbing a biological response modifier for 
inducing neovascularization onto a biocompatible support; 
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1 contacting a therapeutically effective amount of 

2 said adsorbed biological response modifier to at least 

3 one selected tissue in an organism; and 

4 directing in vivo growth of neovascular cells at 

5 said contacted, selected tissue for a sufficient time to 

6 obtain a vascular structure. 

7 30. The process for producing neovascularization 

8 of claim 29 wherein said neovascular cells contain a 

9 genetic insert. 

10 31 • The process for producing neovascularization 

11 of claim 30 wherein said genetic insert enables said 

12 neovascular cells to secrete a biological product. 

13 3 2. The process for producing neovascularization 

14 of claim 31 wherein said biological product is a 

15 biological response modifier. 

16 33. The process for producing neovascularization 

17 of claim 32 wherein said biological response modifier is 

18 a member selected from the group consisting of a hormone, 

19 a hormone precursor, and a hydrolase. 



20 
21 



34. The process for producing neovascularization 
of claim 29 further comprising: 
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1 seeding said vascular structure with non-vascular 

2 cells. 



3 35. The process for producing neovascularization 

4 of claim 34 wherein said seeded cells secrete a desired 

5 biological product. 



6 36. The process for producing neovascularization 

7 of claim 34 wherein said seeded cells perform a desired 

8 metabolic function. 



9 37. The process for producing neovascularation 

10 of claim 29 wherein said biocompatible support is an 

11 absorbable support. 

12 38 ' The neovascularization device of claim 37 

13 further comprising: 

14 a non-absorbable support. 

15 39 * The neovascularization device of claim 29 

16 wherein said biocompatible support is a non-absorbable 

17 support. 



18 40 * The neovascularization device of claim 37 

19 wherein said absorbable support is a member selected from 

20 the group consisting of collagen, laminin, fibronectins, 

21 gelatin, glycosaminoglycan, glycoproteins, proteoglycans 

22 and mixtures thereof. 
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1 41. The neovascularization device of claim 29 

2 wherein said biological response modifier is a member 

3 selected from the group consisting of a hormone, 
hormone prototype, a hydrolase, and mixtures thereof. 



4 



16 
17 



a 



5 42. The neovascularization device of claim 41 

6 wherein said hormone is an angiogenic and neurotrophic 

7 growth factor being a member selected from the group 

8 consisting of HBGF-I, HBGF-II, an HBGF-I prototype, an 

9 HBGF-II prototype, and mixtures thereof. 

10 43 • The neovascularization device of claim 41 

11 wherein said hydrolase is heparinase, collagenase, 

12 plasmin, a plasminogen activator, thrombin, heparatinase, 

13 and mixtures thereof. 

14 44 • T be neovascularization device of claim 29 

15 wherein said biological response modifier is an 
angiogenic growth factor, said angiogenic growth factor 
being in a concentration of about 1 to about 10 nanograms 

18 per mm 3 of said support. 

19 45 • Th « neovascularization device of claim 38 
20 

21 

22 



wherein said non-absorbable support is a member selected 
from the group consisting of nylon, rayon, dacron, 
polypropylene, polyethylene, PTFE, collagen I, collagen 



23 IV, Jcerratin, and glycolipid. 
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1 46. The neovascularization device of claim 39 

2 wherein said non- absorbable support is a member selected 
from the group consisting of nylon, rayon, dacron, 
polypropylene, polyethylene, PTFE, collagen I, collagen 

5 IV, kerratin, and glycolipid. 



3 
4 



6 47. a product for promoting neovascularization, 

7 comprising: 

8 a support including an extracellular matrix 

9 protein and a biological response modifier. 

10 48 • The Product of claim 47 wherein the support 

11 includes cells capable of expressing a metabolite whereby 

12 the product is capable of inducing organoid 

13 neovascularization. 

14 49 * The Product of claim 48 wherein the cells are 

15 genetically engineered to express a heterologous protein. 

16 50 ' The Product of claim 49 wherein the support 

17 is a non-absorbable support. 

18 51 * The Product of claim 50 wherein the 

19 biological response modifier is absorbed to the 

20 extracellular matrix protein included in the 

21 non-absorbable support. 
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1 52. The product of claim 51 wherein said 

2 biological response modifier is a member selected from 

3 the group consisting of a hormone, a hormone prototype, a 

4 hydrolase,, and mixtures thereof. 

5 53. The product of claim 52 wherein the 

6 biological response modifier is at least one member 

7 selected from the group consisting of heparinase, 

8 collagenase, plasmin, a plasminogen activator, thrombin, 

9 and heparatinase. 

10 54. The product of claim 52 wherein the 

11 biological response modifier is at least one member 

12 selected from the group consisting of HBGF-I, HBGF-II, 

13 and HBGF-I prototype, and an HBGF-II prototype. 

14 55. The product of claim 51 wherein said 

15 biological response modifier is an angiogenic growth 

16 factor, said angiogenic growth factor being in a 

17 concentration of about 1 to about 10 nanograms per mm 3 of 

18 said support. 

19 56. The product of claim 51 wherein said 

20 non-adsorbable support is a member selected from the 

21 group consisting of nylon, rayon, dacron, polypropylene, 

22 polyethylene, PTFE, and cross-linked collagen IV* 

23 57. The product of claim 51 wherein the 

24 extracellular matrix protein is at least one member 

25 selected from the group consisting of collagen, laminin, 

26 fibronectins, gelatin, glycosaminoglycan, glycoproteins, 

27 and proteoglycans. 
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